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— BYRUSS HENKE
Transducers forposntlon sensmg e T }/ .
One of the pnmary load van- : earand rotauonal vermons.

ables monitored in fluid power
applications is position, Figure 1
illustrates the function for linear -
motion — to move a load fronw
an initial referen¢€ location to a:
final target location. A tolerance,
+AS, is always 4 cohsideration
.. and expresses the accuracy with

*~*which the move can be made. .

Repeatability and resolution of
the sensor affect performance of
the system.

Over the years, many types of
“sensors have evolved. The direc-
-tion' of this evolution has been’
. determined: by ‘the ability .of the .

% “transducer to relate ajl mechanical.
- phenomenoh = ' chatige of posi-
non — mto a* sensfule electiic.

btentmmeters are-

idg among the'd _dest {anialog posmon ;

senSors Fand {hey remain in wide~"
sp:;ea :}‘i"eeﬁdayﬂThe length ofa

i “ W;;‘:Ie@ent (wound wire)
is, frave edsby‘r:a'moveable con- .
,tact, orwxper 1Flgu €2 Applymg*
a¢

1.,»(...,-..1

nstanﬁvoltage “across/the::

e endsi,ofntherfresxstance elemen’t

ithe givoltage: from
e end of; the te-"
ent prowdes an in-!
“# dicktion’of the Wiper's position. .

Wireswoind" potentmmeters; '
. have:a finite resolutlon, which is -

determmed by ‘spacing -of the

wires, Mechanical wear between

the windings and the wiper limits
the potentiometer’s. life. Con-
ductive plastic film resistance
elements have been substituted
in many potentiometer $ensors

to reduce wear. Linearity prob- .
lems may also oceur because out-

put impedance can vary as. a.

function of wiper position. Po-

tentiometers are availdble in'lin-

Russell W, Henke,
PE, is president, Russ Henke
Associates. Contact the in-
ternational fluid power con-
sulting firm at P.O. Box 106,

782-0410.

. Digital- — The populanty

-mines resolution. o
~ To understand how d1g1ta1
-transducers. work, assume the.’

More recently, position sens- -
. ing has benefited fromn the apph- .
 cation of ultrasonics technology. .
The application; probably. most-
- familiar to those' involved ‘in’

fluid power uses.an ultrasomc".‘.' :
transducer in the cap end of a<t

cylinder — a setup that resemi- :
‘bles sonar..Ultrasonic signal
pulses are ‘directed- toward the ..

cyhnder stod extd and bounce off .-

the piston, Figure 3. _The time
required for the signal echo'from

. any given pulse to return to. the
: transducer can.sefve as,an aecu- .

' rate measurement of plston po--
- sition (stroke). ;

digital position sensors “h

grown in the wake of computer--; :
induced. dlgltal ‘technology.. .

‘Analog: position- t:ansdueers -of-.
"ten are used in digital’ control
circuits by interfacing an analog:
- to-digital (A/D) .converter be-
tween the transducer and digltal'-

: sinput: Probably the:oldest ver<,

_sions of true dlgltal positioh sen-:,

" sors are simhple pulse generators. ”.-f

- For example a gear. rack and’ a

* ! magnetic pldkup, Figuré 4, can'; i 5

produce a-digital otitput. As eaCh
" tooth on the rack moves past the "

fmagneue plck-up {or-as the !
p1ckup moves past each tooth), d /-

pulseis generated “With this types.
of devxce, pitch of the rack dete

sensor generates 100 pulses/in’ of

linear travel. Also assumea refer- i

ence, of zero point, that coin-
cides with the fully. retracted pos

sition of a cylmder. If the appli- - .
cation fequires extendmg therod: -

.3.2im, 320 pulses will occur.'The -
comrol input will probably bethe’
settmg of a deeade counter,

sometimes called a prede-: *
termined counter, for 320 in: this’

case.

each pulse the couniter receives, it
decreases its settmg by one nit,
until the counter is again zeroed

I
PRI

.. ~Asthe i)lston rod extends, the. -
" . transducer generates pulses. For ' .

‘Elm Grove, WI 53122; 414/

" Fig. 1. The funeﬂah of movrng d foad '
from an initial posmon to a target posf-
t:'on ®.  H 3
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F!g 3 “Uttrasonlcs works much" ike so
-narin senslng plston poslt!on

. Flg.4. Amagnetlcpfckup!n'
positlon by generating. a8 puls
‘timaa gear-rack’s tooth passe? oy i
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Actuators

mering against the cylinder head, cush-
ions are usually nonadjustahle. But ad-
justable cushions are available for ap-
phcat:ons where precise cylmder speed
isimportant.

Ram cylinders are usually single-
acting types with a rod at or near full-
piston diameter. The large-diameter
ram is favored when column loads are
extremely high or when the rod over-
hang in a horizontal cylinder could
cause sagging. Ram cylinders are fre-
quently used for large press applica-
tions and for jacking.

- Ram

RAM CYLINDER

Spring-return cylinders are like
the low-cost singie-acting types, with a
spring added to return the piston to its
startmg point. This type is widely used
in both pneumatic and hydraulic ser-
vice, but is not always suitable for hy-
draulic service; if the spring is heavy
enough for speedy piston return, it may
require too much force to compress.
The cylinder must be about twice as
long as the required stroke to include
space for the spring. Some cylinders are
spring-loaded in the opposxte direction,
so they extend with spring action and
retract pneumatically or hydraulically.

Double-acting eylinders contain
two {luid chambers, so that pressure
can be used to both extend and retract
the rod. Sealing devices work in both
directions. This type of cylinder is by
far the most common, and ean be used
in nearly all types of applications. Ef-
fective working area of the rod side of
the piston is less than that of the other
side, so double-acting cylinders retract

Double-acting cylinders usé fluid
pressure to both extend and retract
the rod. Compact, stainless steel body
air cylinders from Bimba Mfg. Co.
welgh less and are more compact than
similarly sized tia-rod cylinders.
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- wWned tlugfgrt‘:p?:hrs, a swrtch Béu-

- ally,dpensior closes to Fcommand
furthér ‘action, “such’ as reversing

cylindef . direction, of ‘energizing
some othercomponent .
A more 'Tecent version of the

" rack-type pulse generator uses a

piston rod withi-a 0. 100-in-pitch
thread machined into its surface.
) The threaded rogil has a non-mag-

H ;
dy.' (ST
‘. L3

%
P

sit
tioned near.the rod so they ‘CaI.
detect the thread s, they-

pass beneath the detectors. Each-
detector will generate. aninde- -
‘ 'pendent pulse train as. the rod
passes by. The tiwo Hall gffect"
detectors are placed ele(:tnca]ly .

netlc, hard-—ehrome plat'{ng\; .
" ground to’ finish size:Two fall :
‘effect pulse generators afe Po

o A pnnted clrcurt‘ board wlth '
,;ﬁ.closely spaced.. contaots»gand a

LAMINATED

PRODUCTION - -
CROSS DIII.I.ED

11444 Kaltz

ALMO
HAS BEEN
‘A CUSTOM
'MANIFOLD - .

- MANUFACTURER
SINCE 1949,
LET ALMO'S
DESIGN STAFF
ENGINEER A
MANIFOLD
FOR YOUR
FLUID POWER
APPLICATION.

. at -isltrasonic ‘spegd.” ‘and’is de-

-

P.O. Box 3832
Centerline, Michigan 48015

[313) 7560500 Fax: (313) 756-1820

"Circle 53

1o, is produced éach time the wiper

L ,,;‘,optlcal Versionia:

1 rand’ the' 8l the!light!{beam is
mterrupted by the. gnd lmes A

_tertuption.
“ L -'that‘ has: gamed wr&espread ac-
. “on magnetostncuve ‘character--

1" thie.device has three elements'

1. a5 a wavegiide; The. ftube and

I"““net, When thé cufreént pulse

4| initial current -puls¢;and de-.-

Ex »
R

_m quadrature so one pulse leads
“or lags the other (dependmg on
- direction ¢f motion) by.90°. This
* ‘out-of phase condhlomproduces
A resolutiofi ‘of 0.025 ifiveven
J: _though the thread pltch Is, 0. 100
‘a ln . ¢ h r

~ wiper works. on the:sameprin:
ciple as the baplc rack, ibut pro-
- vides greater a,ensru\g}y “Apuise

£2 Pl Sodheomgs

* crosses one of; the contacts. Jnan - -
d s*etched
.into the surface ofa. glass stnp A
hght source is posmonedx on.oné
' 51d6,0f 5 the: stnp ‘and- arphoto-
felectnc cell :ON; the othera As the
' “grid;Tnoves. elative G, the:lamp

n
T
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istics of specrﬁc alloys. Typrcally,

I A

‘~__-tubo made of 4 magnetpstrictive - E
'alIo a wire threaded through =~ K
. returned outside the tibe,
El and a magnet, As wrth]all trans- 3
ducer . applications, assoclated' E
electronics complete the system S
- Functronally,acurrent pulse is :

sent through the :wire: and the
., résulting’ magnetrc field is con-
centrated in the; fube; which acts

P
(PR

“wire pass ‘through the central
‘hole in a doughniit shaped mag-

Rt I T P R EY

. reaches the magnet, the two mag-

netic fields interact. Thie tube of

. magnetostrrcnve material ex-

| periences & local.totary strainat

_the point-of: interaction-of the . 4 :
- two. magnetrc fiélds. The rotary

. train pulse travels along the tube

_ tecfed at the énd of the tube. The
" time-between_gereration of the.

tectton of the returnmg styain -
" pulse.is a measure of the distance -

- between start or referent:e- porn
- andthe magnet,

"In'a typrcal applroatron, the 2 3

) {'




position sensor-s integrated into
a hydrauli¢ cylinder. The pulse
generator/receiver” electronics: -
are mounted to the cylinder’s cap

end; the sensing element is en:
closed in a stainless'steel out:

ertube, which projects. axially, .-
into the cylinder inside a hollow -

EumATICS:
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Electrohydraulic actuators transmit
high forces with a high degree of
positioning accuracy. This Parker
Hannifin cylinder can use a directional
proportional, or servovalve for control
depending on the precision raquired.
TRl e oS v Close coupling of the cylinder and
S OECasTON Ehe DIBLOT ATa DAlAT R e valve improves system response, and
wé?;# hishiis Reldin A i ha minimizing hydraulic line runs
SR PRI increases reliability.
followe ¢

faster than they extend, and exert les
force on the retraction stroke.

Double-end rod cylinders ar
double-acting types with a rod extend
ing from each side of the piston. A chie
advantage of this type is that workin
areas of both piston sides are equal. S
the piston moves at the same rate an
delivers equal forces in each directior
Double-end rod cylinders are availabl
with a hollew rod, so that fluid or ar
other machine element can be passe
through the cylinder. In a design vari
ation often used on planers, the hollo
piston rod is restrained and the cylinde
body is forced back and forth to shil
the moving table.

‘MECH'ANICALFEEDBACK - MAGNETIC SENSING
.Force. .Sleeve Orilices__.. Spool " _ . Hall-effegisensors

1" Retumn
'pressure

" Control pressure Supply pressure

LDT Sensor

DOUBLE-END ROD CYLINDER

LINEAR
DISPLACEMENT
TRANSDUCER

Tie-rod cylinders, the oldest an
most common, are typically used i
' industrial jobs. The cylinder body :
Stepper motor . held together by four or more tie rod
HYDRAULICALLY . that extend the full length of the bod
: : and pass through the end caps ¢

. AMPLIFIED 2 3
STEPPER mounting plate. In operation, they ma
. perform any of the common cylinde

i - = ~ ; ) : functions except telescoping.
Ballnut  paliscrew  Spool Helical cam , One-piece cylinders are most ofte
i ' Coupling used on mobile equipment and fan
Rotary machinery. The body is either cast ir
encoder tegrally, or head and body may t
welded together. This is the least e
. / pensive type of cylinder; it is compar
and simple. But it cannot be repaire
when damaged or worn.

-
Fiuwd Power Referencelssue 17




Sensars and transducers

—==the scale, then the slider windings will . [
see terrninal voltages of

V(S1 o S3) = Vsin{wt )sin(2xX/8)

V{54 to 52) = Vsin(wt)cos(2x X/S}

Since slider output signals arise from an ; ibliriear.encoders: .ﬂ"éﬂa -@\Bgr :m: L0
average of several spatial cycles, small  [{liHeas pnaist of; ,‘gg_, %wg,?:f:

residual errors in conductor spacing
have little effect. When combined with
12-bit digital interface modules, 0.1-in.- Bt
pitch linear Inductosyns readily pro- -‘;,,,
vide 25.uin. resolutions. ) LWrihe maving , QXEE tgn Jﬁ,!
Rotary Inductosyns are created by |55 seasencodersiares réfer n*ed,'\,ﬁ;hen i
forming the scale and slider in a loop. ; g ke,
These devices achieve very high reso-
lutions. For instance, a typical rotary
Inductosyn may have 360 cyclic pitches/
rotation and might use a 12-bit In-
ductosyn-to-digital converter. The con-
verter effectively divides each pitchinto
2" or 4,096 sectors. With 360 pitches,
the rotary Inductosyn resolves a total of
1,474,560 sectors for each rotation. This
corresponds to an angular resolution of
less than 0.8 arc-second.

LVDTs: An LVDT ‘provides posi- |dteadHeado g}_;_;o , } EHATgITE. ’,""*' ‘6_’“”‘ ﬁ.‘g‘r Hg‘a ,.
between its primary and secondary
windings. A moveable core couples the Loy

15 E a"ﬂ K -be SR,
two secondaries, located on either side [TErquel eIy ‘Eﬁﬂ Jhecause the enc
of the primary. The phase and ampli- [3¢ * x’@%" L fesolafibniquantin: ’éﬁ,&jeas/t

1)
v .;

tion feedback using mutual inductance e w.w, o0
ﬁ.fxf’ 0
excitation voltage in the primary to the m )2
TS
ude of the output voltage vary with the B xgrdlﬁl%al@ DYRLE 0.%,. , ?g'fgﬁmmﬁ
bﬁfv@e S5 v:a GnE

position of the magnetic core. 2 B;OBEE, eLwY

The amplitude of the secondary volt- ] ORpoLn
age is proportional to the magnitude of a5
position. The phase indicates the posi- 2l 3 ﬁﬂ_,m%ﬁﬁ%“er
tion of the corerelative to the null. 1 DILLHOIC.C.INBE e ncoads;

With the core centered between the [£€d ¢ ;
two secendaries, at the null position,
secondary voltages have equal ampli-
tudes and are 180° out of phase, The net
voltage across the secondaries inzero. As
the core moves toward positive full-scale .
the amplitude of the in-phase sine wive
increases. As the core moves toward
negative full-scale, the amplitude of the
180° out-of-phase sine wave increases.

T ; :
%ﬁ -

A3,
lg; ll.
¥

Position X, Position Xa, LINEAR ENCODER

E; associated error E» associated emor Glass axis . :

{ wine mﬂs’
EL R e

Sl

¥l ) o

) . Position error =E, =X ~R,
Motion axis Dimenslonerror=Eq =E;—E,
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LVDTSs used in applications such as
aviation have either dual or quadruple
" redundancy, so that they are extremely

reliable. Some units have a mean time
between failure of almost three million
hours; over 300 years. That kind of re-
liability is'a result of design and con-
struction practices. Many manufactur-
ers use Inconel or stainless steel
housings, electton beam welding, and
spherical bearings to reduce rod mis-
alignment. Ahd because the coils are
wound by computer control, unit inter-
changeabilityishigh. . =

The primary limitation is the full

- scale displacement. This is the max-
imum distance the core travels without
a'serigus decrease in linearity. The lin-

_ear operating range is twice the.full-
scale displacement sirice- the core can
travel in either direction from the null
position, The actuel linear range will
always equal or exceed the nominal
value. - o

Linearity is the deviation from an
ideal straight-line response, The output

. voltage of an LVDT is a function of the

. core displacement and is a straight line
within a specified range. Beyond the
nominal range, the output begins to de-
viate from a straight line in a gentle
curve. Linearity is given as a percentage
of full scale output or as a percentage of
reading. Linearity ia inherent in the
transducer and largely determines the
absolute accuracy.

LVDT nonlinearities are typically
0.25%. Precision unitg have maximum
nonlinearities of0.05%. For example, an
LVDT with 0.25% nonlinearity and out-
put of 0.39 m V/V/mil, with a 1.0V,
‘excitation and 390 m V..., full-scale out-

" put, will exhibit.a maximum non-

linearity of 2.5 mil. ‘

Linearity can be improved by using
an LVDT at less than the nominal
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Sensors and transducers

range, Conversely, an LVDT can be used
beyond the nominal range where linear-
ity is not important, The range sets the
full-scale ouput of the LVDT. This is
matched to the full-scale input range of
the LVDT-to-digital converter,

Until recently, signal conditioners for
LVDTs used multiple ICs and required
4 relatively large amount of board real-
estate. Now conditioners come in the

form of a single menolithic chxp The .

designer simply adds & few passive com-
ponents to set operating frequency and
phase sync. Once such device is the SE/
NE5521 from Signetics Corp. The I1C
simplifies design, lowers costs and
power dissipation, decreases board size,
and increases the reliability of resulting
circuitry.

Signal conditioning circuits provide
LVDT excitation signals, amplify and
demodulate cutput signals, and per-
form ac voltage filtering.

The part of the signal conditioner
that excites the LVDT is called the car-
rier generator. Because LVDT signal
output is proportional to the input, the

carrier generator must have a stable am- -

Voltage qut
one phase
B |
* Voltageout. * ;| .C0ré position
" opposite .. PR g ¥ '
phase |

LVDT output vofrage varles r nsarly ‘
with core position. As the coré
passes through a nuff position, the -

outputundergoes a phase change. -

plitude and frequency. Input amplitude
variations cause oufput signals that are
interpreted as false movement signals.
And because LVDTs are inductive

transducers, changes in excitation fre- .

quency alter the LVDT primary imped-
ance. Flux density then vanes, also
causing output errors.

Signal conditioners amplify and de-

; LVDTs:gnal-condiﬂoner
" chips perform functions
.. thatinciude primary.,. .
collexc:taﬂon, outputs!gna! .
r, amplification and demodulation,
i, -and acvoltage filtering. External
,; componants are -

addedtaprowde

. temperature.

S stabitys |

¥ - -
* Offset nUll S SE
< .
Al ~ Vour o /
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. modulate LVDT output in various ways.

The classical method uses a carrier am-
plifier 'and synchronous demodulator.
This system has the advantage of high
gain, excellent stability, and isclated
output.

Demodulator referénce signals are
derived from the carrier generator and

arein phase with the primary excitation -

signal. But phase shift between the pri-
mary and secondary voltages of the
LVDT is commbn, And phase shift also
occurs in the cables connecting the

LVDT and the signal conditioner. Tb

compensate, it is necessary to shift the
reference signal phase at the syn-
chronous demodulator input, relative to
the carrier generator cutput. When us-
ing the NE5521, this phase shift is done
with an external R-C network.

Typically, synchronous demod- ..

ulators are used rather than. rectifier
demodulators. The primary. reason is
that synchronous demodulators are
gensitive to phase and are also simple to
implement. These demodulators have
the additional advantage of being in-
sengitive to quadrature components
present in the LVDT null voltage. As a
result, demodulator output is truly zero
at the core null position. '

Maximum linearity occurs when the
phase of the LVDT output is exactly-
synchronized with the demodulator ref-
erence signal. When in sync, the con-
ducting half cycle of the demodulator
corresponds with the half cycle (be-
tween zero-crossings) of the LVDT out-
put. To achieve synchronization and
maximum linearity, it'is often necessary

-to vary the phase of the demodulator

reference signal. This is done with a RC
network. The amount of phase shift is
given by —arctan {w RC), The refer-
ence-signal phase is adjusted so that
démodulator output is a maximum for a
given core position, primary excitation
signal; and constant gain. Reference
phase should be adjusted befere the fi-
nal setting of the amplifier gain.

Not all measurement applications ne-
cessitate a phase sensitive demodulator,

‘however. A rectifier circuit-can be used

when linearity is not‘particplar_ly crit-
ical or where the LVDT is only operated
onone sideof its null position, The main
disadvantage of rectifier demodulator is
that they do not indicate which direc-
tion from null the coreis d:splaced And
rectifier circuits are inherently non-lin-
ear at small signallevels, because diodes

Magnele
plete fam
Limit Sv
cost Mic
to six fur
Quik-Se

require a minimum voltage drop before, ‘

current flows.
Shrinking conditioners: In order to

- produce a sine wave for LVDT ex-

citation, the SE/NES521 first generates

One of our PL
provides a vas




Sensors and transducers

a stable triangle wave, Peak-to-peak
amplitude of the triangle wave is equal
to one-half the voltage -difference be-
tween V,.,and pin 7 (ground or negative
supply). Generator output goes to asine
converter circuit which produces a
three-step piecewise approximation of a

sine wave. This sine wave is amplified to

provide enough current to drive a-300 Q
load over the rated temperature range.
This sxgnal is also inverted to provide a
second sine wave 180° out of phase with
the first, Together, the two signals dif-
ferentinlly drive the LVDT primary,
LVDT output goes to pin 4 of the
SE/NE5521, the signalinput of the syn-
chronous demodulator, The earrier is
fed to the sync input; pin 6. As the aync
input signal swings below its reference.
The synchronous switch output goes
low, giving the synchronous demiod-

ulator an inverting gain of one. When -

the carrier swings above its reference,
the synchronous demodulator has a
non-inverting unity gain: In this man-
ner, a change in LVDT output phase
causes the synchronous demodulator
output (pin 5) to change polarity.

The output from the synchronous de-
modulator is a rectified dc voltage that
usually must be filtered and amplified.
This amplification can come from an
suxiliary amplifier on the chip as an
active filter with gain. A typcial active
filter circuit constructed with this am-
plifier is known as a VCVS (Voltage
Controlled Voltage Source) filter, It
provides a second-order response,.with
good tracking and matching capabili-

ties. In addition, the filter can often be

constructed with equal-value compo-

nents, thus reducing costa in hlgh—value
desugns

The frequency of the NE5521 sine
wave output is determined by two com-
ponents, Rrand Cr, according to:

f Vnr -13 V
Ver X (1500 + R7) X O

However, to mmntam temperature sta-
bility, Ry should be kept at 18K Q while
Crused to set frequency.

Transformers cause a delay in the sig-
nal phase. Therefore, the phase of the
syne or carrier. signal must be delayed
for the synchronous demodulator. R,
and C, supply a delay calculated from

¢ = — arctan (woRoC )

Rg is vaned until a maximum output is
attained from pin 1-(dc output), when
the core is away from the center of null
position.

Magnetic sensing

Metal sensors also detect moving fer-
rous metal. Th_e simplest metal sensor
consists of a wire coiled around a per-
manent magnet, although variations of
this approach are available: A ferrous
object approaching the sensor changes
magnetic flux through the coil, gener-
ating a voltage at the coil terminals,

‘Magnetic pick-ups require no exter-
nal power source and -sense linear or
rotary motion. They have high reso-
lution, generating-many pulsesfin. of
target travel, and can sense very small
ferrous objects. Forexample, one sensor
responds to 96-pitch gears, whereas

Hall-effect sensors can only register 16-
pitch gear “teeth, In this application,
magnetic transduction can be accurate
to hundredths of & mechanical degree,
For sensing rotating shaft speed, out-

-put-pulse frequency is proportional to

shaft speed and is converted to rpm by
digital-conversion electronics at an ac-
curacy of less than 0.1%.

Magnetic sensors have measured
speeds up to 600,000 rpm. Maximum
sensor frequengy is-in the megahertz
region, with usable frequencies limited
by the internal sensor unpedance and
external load.

The sensors-do not sense speeds near
zero because output voltage depends on
the rate:of-change of flux through the
coil. As frequency dpproaches zero, sen-
sor outputs drop to the millivolt range.

The absence of electronicelements in
a magnetic sensor allows pperation be-
yond temperatures (—65 to +300°F)
associated “with solid-state devices.
Magnetlc sensors built with: special ma- -
terials opérate at cryogenic tempera-
tures and withstand temperature ex-
cursions greater than 400°F. Magnetic
sensors are almoat impérvious to shock,
Such devices have operated at shock lev-

.els exceeding 30,000 g.

Since magnetic sensors can detect
ferrous discontinuities through non-
ferrous metals; they can be hermetically
sealed within nonferrous housings to
mthstand 100% humidity or complete
immersion in water and oil. Sensors en-
closed in stainless steel can operate in
salt-spray or sand and dust énviron-
ments, and under differential pressures
up to 20,000 psi.
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Eddy currents: Eddy-current sen-
sors detect ferrous and nonferrous met-
als. A high-frequency magnetic field i3
generated that induces eddy currentsin
metal targets. The eddy currents gener-
ally change the sensor’s oscillation am-
plitude, which is sensed by a coil to cre-
ate an output signal. For measuring
speed, these sensors register metallic
discontinuities in a moving target at a
rate of about 5§ kHz, but some models
respond up to about 20 kHz,

Maximum speed response is deter-
mined by the method used to sense os-
cillator amplitude. Devices sensing am-
plitude changes with conventional
demodulator/integrator circuifs are
slower than those that convert oscillator
amplitude into a string of pulses whose
widths vary with frequency.

Eddy-current devices also produce
pulses with high positional accuracy.
Because eddy-current sensors do not

depend on a time rate-of-change to reg- -

ister motion, their resporse does not
diminish near zero speed: like that of
magnetic pickups.

Eddy-current devices are seldom con-
taminated by dirt or metal particles,
but sensing distance is typically limited
to the diameter of the sensor (usually
0.06to 3in.}). These senaors must also be
enclosed in nonmetallic packages be-
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cause they cannot sense through metals.

Hall-effect sensors: A constant
current flows through a silicon chip ina
Hall-effect sensor. In the presente of an
external magnetlc field, a voltage pro-
portional to magnetic field strength ap-
pears across-the chip.. Hall-effect-sen-.
sors can be fabricated on an IC
containing amphfiera and c¢onhtrol cir-
cuits.

Metal plates are often used. to inter-
rupt the field between a stationary Hall

.sensor and magnet. Operating speed is
usually 30 kHz. The devices can also be -

used as current sensors, where the mag-
netic flux impinging on the sensor is
typically proportional to the current
through a coil.

Hall-sensor switching has a slight
hysteresis that preverits the device from
switching on at the same magnetic field
level as it switches off. This hysteresis

_ensures that the sensor does not oscil-

late during slowswitching,

Hall sensors do not have resolutions
as fine as that of optoelectronic or eddy-
current devicés, A certain amount of
Halisensor material must be exposed to
the magnetic field before the device reg-
isters a voltage, and the magnetic field
strength available is sometimes limited
by thethickness of the Hall senspr pack-
age. Consequently, magnets can ap-

proach the sensing .element no closer
than about 0.05 in., and moving vanes
interrupting the field between a magnet
and Hall sensor cannot be as closely
spaced as those operating an op-
toelectronic device. However, Hall-de-
vice operation is generally not impadired
by the proximity of foreign material.
Some Hall-effect devices are now fab-
ricdated using a cross-coupled quad
structure containing four Hall cells
iwired electrically in parallel. Here, two
sets of Hall cells are oriented or-
thogonally to each other, One set is used
to reduce meehanical offset caused by
stress when the chip is bonded to the
metal header. The other set is used to
reduce photomask and chip manufac-
turing errors.
The four cells are connected elec-
tricallyin parallel so error voltages tend
. to average out, and be minimized over
the four devices. A simplified model
suitable for circuit simulation consists
of two.force terminals for current input
- and ground, two terminals for the dif-
ferential ‘output voltage, and four iden.
tical. resistor values connected as in a
Wheatstone bridge. Magnetic fields im-
pinging on the device are modeled as a
flux density-controlled current source.
The value of each of the four resistors is
equal to the voltage across the force pins
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Sensors and transducers

divided by the current. The nominal
resistance value for these Hall cells is on
the order of 4k, The high impedance
allows low power consumption.

Hall-effect devices can operate as dig- -

ital on/off transducers, sensitive to the
pregence or absence of a magnet, or as
analog devices capable of providing a de
output proportional to a magnetic field.

Analog Hall-effect sensors provide &

dc output proportional to magnetic
field strength. Digital types provide dig-
ital voltages triggered by a specific mag-
netic field strength., Some Hall-effect
SETSOIS. combme digital signal-condi-
tioning circuits on the Hall-sensor chip.
Typical circuits consist of an amplifier,
flip-flop, offset voltage adjustment, and
comparator, Since Hall-element: volt-
ages are small (about 1 mV for & 50-Gs
field), an amplifier whose temperature
coefficient cancels that of the Hall ele-
ment amplifies the Hall voltage to pro-
duce a linear temperature- -compen-
sated dc signal.

The amplifier output feeds a hyster-
esis fhp-flop and comparator that pro-
vide a precise switching action between
on and off states, thereby preventing
oscillation as the magnetic field ap-
proaches threshold. The comparator
output switches from low to high as the
amplified Hall voltage exceeds the off-
set voltage, which is adjusted during
manufacture to allow output switching
at required magnetic-field levels, The
comparator output is fed back to the
hysteresis flip-flop, which in turn
changes state. The sum of the amplifier,
flip-flop, and offset voltages fix the com-
parator in a high state, When a reduced
magnetic field decreases the amplifier
output, comparator output drops and

the hysteresis circuit switches to sta-

bilize the output at a low level,

Because of their ability to operate in
hot, dirty environments, Hall effect de-
vices are used in autpmotive appli-
cations. Ten years ago, Hall effect de-
vices began replacing the points in
automotive ignition systems. Now some
manufactarers use these sensors to

elimindte the distributor altogether in.

high performance engines.

The problem with measuring dis-
tance with Hall effect sensors has been
that the relationship of output voltage
to the magnetic field is linear; output
voltage as a function of distance is not.
This nusance is solved by first convert-
ing the output to adigitat signdl. Then it
is linearizéd by a microprocessor that
either uses a Iook-up table or an alge-

. rithm,

Linear sensors are used .more' in
analog contral systems, Rotor move-
ment can be sensed in de motors; and
feed back to the.controller, providing
precise position control. In other appli-
cations they sense current in a wire or
coil. Hall effect devices of this type use
an iron'core which serves as a “flux con-
centrator” to help detect the magnetic
field. Automobile manufacturers use
this method to detect faulty lights and
to prevent power surges in electrical sys-
tems. The advantage of Hall effect de-
vices in thisiapplication is that they pre-

sent low impedance and current drams, :
" along with high 1solatton

'I_'emperature sensors

- Température sengors are usually
thermocouples; resistivé temperature
detectors (RTDs), or thermistors, Each

device has limits associated with mea-
surement accuracy. The character and
amount of error associated with & given
measurement approach is a factor that
must be cons:dered when choosmg a
SENSoT.

Thermocouples are devices for tem-
perature measurement despite low gen-
sitivity and moderate accuracy. They

feature a wide temperature span, up to .

1,800° C for noble {precious) metal
types and low cost for basemetal types
d,K, T, and E. They are available in sizes
ranging from fine wire for millisecond
regsponse times, up to heavy gages for
durability and high temperatures, They
are particularly useful for point-sensing
temperature measurements.
Thermocouples generate voltage pro-
portional to temperature differences
rather than to absolute’ temperature.

. They consist of two wires, éach made

from dissimilar metals of known compo-
sition, electrically connected at one end
to form the measurement, or hot, junc-
tion. The other ends, though not elee-
trically connected, must be kept at the
same temperature This ispthermal
connection ig called reference or “cold”
Junction. The National Bureau of Stan-
dards tables fix the reference junction.
at the ice point of water (0°C).

The thermocouple, with its junctions
at the measurement temperature and
ambient, is compensated by a voltage
equal to that generated by the same
thermocouple with its measurement
Junctlon at ambient and ‘its reference
Junctlon at the ice point. This is called
ice-point or coId-Junctlon compen-
sation. .

. Thermocouples produce nonlinear
voltage cutput over their temperature

™ Constant-current' :
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